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Eddington-inspired Born-Infeld gravity (EiBI) gravity is a recently proposed modified theory of
gravity, based on the classic work of Eddington and on Born-Infeld nonlinear electrodynamics. In
this paper, we consider the possibility that wormhole geometries are sustained in EiBI gravity. We
present the gravitational field equations for an anisotropic stress-energy tensor and consider the
generic conditions, for the auxiliary metric, at the wormhole throat. In addition to this, we obtain
an exact solution for an asymptotically flat wormhole.
PACS numbers: 04.50.Kd,04.20.Cv
Introduction: An important and challenging current
problem in cosmology is the perplexing fact that the Uni-
verse is undergoing an accelerating expansion [1]. The
latter represents a new imbalance in the governing grav-
itational field equations and a possible candidate for the
late-time cosmic acceleration is the introduction of a re-
pulsive fluid dubbed “dark energy”. Recently, by com-
bining the Planck data in [2], the authors provide an
equation of state parameter of dark energy given by
w = −1.24+0.18−0.19, which is off by more than the 2σ com-
pared to w = −1 [3]. Thus, the Planck data favours an
equation of state that lies in the phantom regime, i.e.,
with w < −1. The latter equation of state consequently
violates the null energy condition, and as this is the fun-
damental ingredient to sustain traversable wormholes [4],
this cosmic fluid presents us with a natural scenario for
the existence of these exotic geometries [5].
However, the possibility that the late-time cosmic ac-
celeration is due to infra-red modifications [6] of Gen-
eral Relativity (GR) has also been extensively explored
in the literature. The latter modified theories of gravity
involve more general combinations of curvature invari-
ants than the pure Einstein-Hilbert term [7], and an in-
teresting application in wormhole physics, is that these
exotic geometries can be theoretically constructed with-
out the presence of exotic matter [8]. More specifically,
the matter threading the wormhole throat may be im-
posed to satisfy all of the energy conditions, and it is the
higher order curvature terms, which may be interpreted
as a gravitational fluid, that support these nonstandard
wormhole geometries [9].
In the context of modified gravity, an interesting the-
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ory has been recently proposed, dubbed Eddington-
inspired Born-Infeld (EiBI) gravity [10, 11]. The latter
was inspired in the Eddington gravitational action [12]
and Born-Infeld nonlinear electrodynamics [13], and has
aroused much interest. In EiBI gravity, the theory is
based on a Palatini-type formulation, where the metric
tensor and the connection are varied independently. In
fact, the Eddington action is coupled to matter without
insisting on a purely affine action, and reduces to stan-
dard GR in vacuum, but presents a different behavior of
the gravitational field in the presence of matter.
The structure of compact stars in EiBI theory has been
intensively investigated [14], and Solar observations, big
bang nucleosynthesis, and the existence of neutron stars
[11, 15] have placed constraints on the value and sign
of the Eddington coupling parameter κ. In particular,
for cases with positive κ, an effective gravitational re-
pulsion prevails, leading to the existence of pressureless
stars, which are made of non-interacting particles which
provide interesting models for self-gravitating dark mat-
ter, and increases in the mass limits of compact stars
[15]. More recently, the density profile of pressureless
dark matter in EiBI gravity was analysed [16]. It was
shown that all the relevant astrophysical quantities can
be predicted from the theory, and be directly compared
with the corresponding observational parameters.
In this paper, we consider the possibility that worm-
hole geometries are sustained in EiBI gravity [10, 11].
More specifically, we present the gravitational field
equations, consider the generic conditions at the worm-
hole throat and obtain an asymptotically flat wormhole
solution.
Eddington-Inspired Born-Infeld gravity: The action in
EiBI theory is given by
S =
1
16pi
2
κ
∫
d4x
(√
− |gµν + κRµν | − λ
√−g
)
+SM [g,ΨM ] , (1)
2where κ is a parameter with the inverse dimension of the
cosmological constant Λ, and λ 6= 0 is a dimensionless
parameter. Rµν is the symmetric part of the Ricci ten-
sor and is constructed solely from the connection Γαβγ .
The matter action SM depends only on the metric gµν
and the matter field ΨM . For notational simplicity, the
determinant of the tensor gµν + 8piκRµν is denoted by
|gµν + 8piκRµν | throughout the paper.
Taking into account the limit κ → 0, the action (1)
recovers the Einstein-Hilbert action with λ = Λκ + 1.
However, in the present paper, we consider asymptotic
flat solutions and hence take λ = 1, so that the cosmo-
logical constant vanishes. Thus, the remaining parame-
ter κ plays an important role in describing the physical
behavior of various cosmological and stellar scenarios.
Note that the metric gµν and the connection Γ
α
βγ are
treated as independent fields in EiBI theory. Now, by
varying the action (1) with respect to the connection Γαβγ
and with respect to the real metric gµν yield the following
field equations
qµν = gµν + κRµν , (2)
qµν = τ (gµν − 8piκT µν) , (3)
where the auxiliary metric qµν is related to the connec-
tion by Γαβγ =
1
2q
ασ (∂γqσβ + ∂βqσγ − ∂σqβγ), and we
have defined τ and the stress-energy tensor as τ =
√
g/q,
and T µν = 1√−g
δSM
δgµν
, respectively. If the stress-energy
tensor T µν vanishes in Eq. (3), then the real metric gµν
is equal to the apparent metric qµν , and EiBi gravity is
completely equivalent to GR in vacuum.
From Eqs. (2) and (3), we obtain the following rela-
tions: qµσgσν = δ
µ
ν −κRµν and qµσgσν = τ (δµν − 8piκT µν ),
where qµν and gµν are the matrix inverse of qµν and
gµν respectively, and we have used the definitions R
µ
ν =
qµσRσν and T
µ
ν = T
µσgσν . By combining the above rela-
tions yields the following results: Rµν = 8piτT
µ
ν +
1−τ
κ δ
µ
ν ,
R = 8piτT + 4(1−τ)κ , where we have used R = R
µ
µ and
T = T µµ .
Noting that the Einstein tensor is defined for the ap-
parent metric qµν , the gravitational field equation then
follows immediately
Gµν = R
µ
ν −
1
2
δµνR = 8piS
µ
ν , (4)
where the apparent stress-energy tensor Sµν is defined as
Sµν = τT
µ
ν −
(
1− τ
8piκ
+
τ
2
T
)
δµν . (5)
The stress-energy tensor T µν satisfies the conservation
equations ∇µT µν = 0, where as in GR, the covariant
derivative ∇µ refers to the metric gµν . Consistently, the
Bianchi identities ∇µGµν = 0 imply ∇µSµν = 0.
We will use the field equation (4) in the analysis out-
lined below. Thus, the study of the structure of worm-
hole geometries in the framework of EiBI theory reduces
to the study of this potentially exotic source Sµν .
Gravitational field equations: Consider that the static
and spherically symmetric line elements for the real met-
ric gµν and the auxiliary metric qµν take the following
forms
gµνdx
µdxν = −eν(r)dt2 + eλ(r)dr2 + f (r) dΩ2, (6)
qµνdx
µdxν = −eβ(r)dt2 + eα(r)dr2 + r2dΩ2, (7)
respectively, where ν (r), λ (r), β (r), α (r) and f (r) are
arbitrary metric functions of the radial coordinate r, and
we have defined dΩ2 as dΩ2 = dθ2 + sin2 θdφ2.
The physical stress-energy tensor for an anisotropic
distribution of matter is provided by
Tµν = (ρ+ pt)uµ uν + pt gµν + (pr − pt)χµχν , (8)
where uµ is the four-velocity in the physical g-metric,
χµ is the unit spacelike vector in the radial direction,
i.e., χµ = e−λ/2 δµr. The stress-energy components are
defined in the following manner: ρ(r) is the energy den-
sity, pr(r) is the radial pressure measured in the direction
of χµ, and pt(r) is the tangential pressure measured in
the orthogonal direction to χµ. The four-velocity of the
fluid is normalized according to uµuνgµν = −1. In view
of the auxiliary (apparent) line element (7), the appar-
ent four velocity of the fluid vµ satisfies the condition
vµvνqµν = −1.
Note that the factor τ can be obtained from the T µν by
τ = |δµν − 8piκT µν |−
1
2 , so that τ can be expressed in terms
of physical quantities by
τ =
[
(1 + 8piκρ) (1− 8piκpr) (1− 8piκpt)2
]− 1
2
. (9)
The system of the gravitational field equations describ-
ing the structure of traversable wormholes in EiBI grav-
ity are provided by Eq. (4), which yields the following
non-zero components
1
r2
− e
−α
r2
+
α′e−α
r
=
1
2κ
(
a
bc2
− b
ac2
− 2
ab
+ 2
)
,(10)
− 1
r2
+
e−α
r2
+
β′e−α
r
=
1
2κ
(
a
bc2
− b
ac2
+
2
ab
− 2
)
,(11)
e−α
r
[2β′′r − (α′ − β′) (2 + β′r)] = 2
κ
(
a
bc2
+
b
ac2
− 2
)
,(12)
The field equation (3) provide the following relations
eβ =
bc2
a
eν , eα =
ac2
b
eλ, f =
r2
ab
, (13)
where we have defined the arbitrary functions a(r), b(r)
and c(r) as a =
√
1 + 8piκρ, b =
√
1− 8piκpr, and c =√
1− 8piκpt, respectively.
In the g–metric the conservation of the stress-energy
tensor yields the conservation equation
dν
dr
=
4
r
pt − pr
ρ+ pr
− 2
pr + ρ
dpr
dr
=
4
r
b2 − c2
a2 − b2 +
4b
a2 − b2
db
dr
.
(14)
3Note that the system (10)–(12) is incomplete, since
it consists of three equations for five unknown functions
α(r), β(r), a(r), b(r) and c(r). Usually, as additional
equations, one may consider two equations of state. For
example, the barotropic equations of state pr = pr(ρ) and
pt = pt(ρ) imposes a similar equation in the q-metric, b =
b(a) and c = c(a). On the other hand, instead of fixing
the equation of state, one can fix two of the unknown
functions using some additional reasons.
Generic conditions at the wormhole throat: The funda-
mental ingredient in wormhole physics is the flaring-out
condition of the throat [4], which through the Einstein
field equation in standard GR, entails the violation of the
null energy condition (NEC). It will be useful to revert
to the more familiar notation currently used in worm-
hole physics, where we define the physical metric func-
tion as e−λ(r) = 1 − m(r)/r, where m(r) is the usual
wormhole shape function [4]. The throat is defined as
m(r0) = r0, and the flaring-out condition is given by
(m′r −m)/m2 < 0.
Now, an interesting feature in EiBI gravity is the fol-
lowing: as the flaring-out condition imposes a restriction
on the physical metric function, i.e., λ′e−λ = (m′r −
m)/r2 < 0, through the second condition of Eq. (13),
i.e., eα = eλ ac2/b, one arrives at the following condition
imposed on the auxiliary metric function
λ′e−λ =
ac2
b
e−α
[
α′ −
(
ac2
b
)′/(ac2
b
)]
< 0 , (15)
which implies that
α′ <
[
ln
(
ac2
b
)]′
. (16)
This latter restriction is translated as the generic flaring-
out condition imposed on the auxiliary metric, in the
context of EiBI gravity.
It is interesting to verify under which conditions one
may impose that the normal matter threading the worm-
hole generically satisfies the NEC. To this effect, adding
Eqs. (10) and (11), provides the following relationship
1
κ
(
a
bc2
− b
ac2
)
= (α′ + β′)
e−α
r
. (17)
From Eqs. (13), one obtains α′ + β′ = ν′ + λ′ + (c2)′/c2
and substituting this into Eq. (17), one obtains
1
κ
(
a2
b2
− 1
)
=
[
ν′ + λ′ +
(c2)′
c2
]
e−λ
r
. (18)
Taking into account Eq. (18) and using the flaring-out
condition, one arrives at the following condition
8piκ(ρ+ pr) <
κb2
r
(c2)′
c2
(
1− m
r
)
, (19)
which is valid at the throat, or its vicinity. Now, eval-
uated at the throat r = m(r) = r0, and considering
that the factor (c2)′/c2 is finite, then on readily veri-
fies that the NEC is violated, i.e., ρ + pr < 0, so that
as in standard GR one also needs exotic matter to sup-
port these exotic geometries in EiBI gravity. However,
a subtle feature is that considering that the factor scales
as (c2)′/c2 ∝ (1−m/r)−1, so that it diverges as r → r0,
then the possibility arises that 0 < ρ + pr < K. Thus,
for this specific case, one verifies the possibility that the
NEC is satisfied by the matter threading the wormhole.
Specific exact solution: Consider the specific choice of
a(r)b(r) = 1, and using the third relation of Eqs. (13),
one obtains f(r) = r2. Now, the definitions of a(r) and
b(r) yield the following equation of state
pr(r) =
ρ(r)
1 + 8piκρ(r)
. (20)
Conveniently reorganizing the gravitational field equa-
tions (10)-(13), we deduce the system of equations
β′ − α′ + 2
r2
− 2e
α
r2
= 0, (21)
1
κ
(
a2
c2
− 1
a2c2
)
= (β′ + α′)
e−α
r
, (22)
2
κ
(
a2
c2
+
1
a2c2
− 2
)
=
e−α
r
[2β′′r − (α′ − β′) (2 + β′r)] ,(23)
eβ = eν
c2
a2
, eα = eλa2c2, (24)
respectively.
To close the system of equations, and obtain specific
exact solutions, we may adopt several strategies. For
simplicity, consider β = 0, so that Eq. (21) yields
eα(r) =
(
1− C1
r2
)−1
, (25)
where C1 is a constant of integration. Equations (22)-
(23) provide the equation of state c2(r) = a2(r), i.e.,
pt(r) = −ρ(r), and one readily finds the solution
a4 =
1
1 + 2κC1/r4
. (26)
Taking into account Eqs. (24), we find the following
solutions for the physical metric functions
ν(r) = 0, eλ(r) =
1 + 2κC1/r
4
1− C1/r2 . (27)
where the constant is defined as C1 = r
2
0 in order to have
a wormhole throat at r = r0.
As mentioned above, the flaring-out condition at the
throat places the restriction on the shape function, so
that from the metric function given by Eq. (27), we have
λ′e−λ = −2r
2
0r(r
2 − 2κr20 + 4κr2)
(r4 + 2κr20)
2
, (28)
4which yields λ′e−λ|r0 = −2r0/(r20+2κ) < 0 at the throat,
and thus satisfies the flaring-out condition at the throat.
Thus, one finally arrives at the asymptotically flat
physical metric given by
ds2 = −dt2 +
(
1 + 2κr20/r
4
1− r20/r2
)
dr2 + r2 dΩ2. (29)
It is interesting to note that in the limiting case κ → 0,
this line element tends to the phantommassles scalar field
solution found by Ellis and Bronnikov [17]. The stress-
energy tensor profile is given by the energy density
ρ(r) =
1
8piκ
(
1√
1 + 2κr20/r
4
− 1
)
, (30)
which can be readily deduced from Eq. (26); the ra-
dial pressure is given by Eq. (20), while the tangen-
tial pressure is provided by pt = −ρ. Note that for
this case, the energy density and the radial pressure are
negative throughout the spacetime, and so violate the
NEC, while the tangential pressure is positive ∀r. The
energy density attains a minimum value at the throat,
ρ(r0) = −(1− 1/
√
1 + 2κ/r20)/(8piκ) and falls to zero at
spatial infinity, i.e., ρ → 0 at r → ∞ (pr and pt have a
similar behaviour at spatial infinity).
Conclusion: In this paper, we have considered the pos-
sibility that wormhole geometries are sustained in EiBI
gravity. We considered the generic conditions at the
wormhole throat and obtained an exact solution for an
asymptotically flat wormhole, that reduces to the phan-
tom massles scalar field geometry found by Ellis and
Bronnikov [17]. In this context, wormholes have been
modelled by so-called ghost or phantom scalar fields, and
the stability issue has been extensively explored in the lit-
erature. In particular, it has been shown that massless
non-minimally coupled scalar fields are unstable under
linear [18] and nonlinear perturbations [19].
In fact, two serious difficulties seem to stand out,
namely, (i) instabilities arise at boundary surfaces sepa-
rating ghost and normal fields, which generally transform
these surfaces into singular ones [20]; (ii) and ghost fields
are extremely problematic at the quantum level. In the
latter feature, the negative kinetic term leads to the pos-
sibility that the energy density may become arbitrarily
negative for high frequency oscillations [21]. In this con-
text, it would be interesting to apply a stability analysis
to the EiBI wormholes geometries considered in this pa-
per, and work along these lines is presently underway.
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